The constitutive activation of nuclear factor jB (NFjB) helps a variety of tumors to resist apoptosis and desensitizes them to chemotherapy, but the causes are still largely unknown. We have analysed this phenomenon in eight mutant cell lines derived from human 293 cells, selected for NFjB-dependent expression of a marker gene, and also in seven tumor-derived cell lines. Conditioned media from all of these cells stimulated the activation of NFjB (up to 30-fold) in indicator cells carrying an NFjB-responsive reporter. Therefore, secretion of extracellular factors as the cause of constitutive activation seems to be general. The mRNAs encoding several different cytokines and growth factors were greatly overexpressed in the tumor and mutant cells. The pattern of overexpression was distinct in each cell line, indicating that the phenomenon is complex. Two secreted factors whose roles in the constitutive activation of NFjB are not well defined were investigated further as pure proteins: transforming growth factor b2 (TGFb2) and fibroblast growth factor 5 (FGF5) were both highly expressed in some mutant clones and tumor cell lines, each activated NFjB alone, and the combination was synergistic. Our data indicate that a group of different factors, expressed at abnormally high levels, can contribute singly and synergistically to the constitutive activation of NFjB in all of the mutant and tumor cell lines we studied. Since several NFjB target genes encode secreted proteins that induce NFjB, autocrine loops are likely to be ubiquitously important in the constitutive activation of NFjB in cancer. We provide the first evidence of the general, complex, and synergistic activation of NFjB in tumor and mutant cell lines through the action of secreted factors and suggest that the same explanation is likely for the constitutive activation of NFjB in cancers.
The constitutive activation of nuclear factor jB (NFjB) helps a variety of tumors to resist apoptosis and desensitizes them to chemotherapy, but the causes are still largely unknown. We have analysed this phenomenon in eight mutant cell lines derived from human 293 cells, selected for NFjB-dependent expression of a marker gene, and also in seven tumor-derived cell lines. Conditioned media from all of these cells stimulated the activation of NFjB (up to 30-fold) in indicator cells carrying an NFjB-responsive reporter. Therefore, secretion of extracellular factors as the cause of constitutive activation seems to be general. The mRNAs encoding several different cytokines and growth factors were greatly overexpressed in the tumor and mutant cells. The pattern of overexpression was distinct in each cell line, indicating that the phenomenon is complex. Two secreted factors whose roles in the constitutive activation of NFjB are not well defined were investigated further as pure proteins: transforming growth factor b2 (TGFb2) and fibroblast growth factor 5 (FGF5) were both highly expressed in some mutant clones and tumor cell lines, each activated NFjB alone, and the combination was synergistic. Our data indicate that a group of different factors, expressed at abnormally high levels, can contribute singly and synergistically to the constitutive activation of NFjB in all of the mutant and tumor cell lines we studied. Since several NFjB target genes encode secreted proteins that induce NFjB, autocrine loops are likely to be ubiquitously important in the constitutive activation of NFjB in cancer. We provide the first evidence of the general, complex, and synergistic activation of NFjB in tumor and mutant cell lines through the action of secreted factors and suggest that the same explanation is likely for the constitutive activation of NFjB in cancers.
Introduction
Nuclear factor kB (NFkB) is the generic name for a family of dimeric factors that binds to many promoters to initiate transcription. The most common form of NFkB is a p65/p50 heterodimer, while other forms occur less frequently (Verma et al., 1995) . NFkB is kept quiescent in the cytoplasm of cells by its repressor, IkB. In response to a stimulus, IkB is phosphorylated and degraded, and the released NFkB translocates to the nucleus, where it initiates transcription (Baeuerle and Henkel, 1994; Siebenlist et al., 1994) . In addition to its role in inflammation, NFkB plays a major role in activating genes involved in oncogenesis. Constitutively high levels of NFkB have been detected in many tumors (Baldwin, 2001) . Loss of the regulation of NFkB may contribute to the deregulated growth and resistance to apoptosis often observed in cancer, including tumors of the prostate, breast, and ovary (Deng et al., 2002; Romieu-Mourez et al., 2002) . Therefore, inhibition of constitutive NFkB is a promising approach to inhibit tumor growth and metastasis.
It is well known that NFkB can be activated by many different stimuli, including but not limited to interleukin-1 (IL1), tumor necrosis factor a (TNFa), UV or gamma radiation, double-stranded RNA and other tolllike receptor ligands, phorbol esters, and reactive oxygen species (Pahl, 1999; O'Neill, 2002) . In several types of tumor, NFkB is induced in an autocrine manner through the release of the cytokines TNFa, IL1a, and IL1b (Wolf et al., 2001; Arlt et al., 2002; Coward et al., 2002) . However, the generality of this phenomenon and the basis of constitutive secretion are not known. To investigate the constitutive activation of NFkB further, we selected a group of eight mutant cell lines in which NFkB is constitutively activated, from chemically mutagenized human HEK293 cells (Sathe et al., manuscript submitted) . We show here that these mutants overexpress multiple cytokines that can activate NFkB, and similar findings were made in all of the several different tumor cells that we studied. Our data indicate that the secretion of extracellular factors is likely to be a general explanation for the constitutive activation of NFkB in cancer, that the patterns of secretion are complex, that some of these factors may act synergistically, and that secretion is a consequence of mRNA overexpression.
Results

Activation of NFkB in indicator cells by conditioned media from constitutive mutants and tumor cells
We tested 16 different tumor cell lines for constitutive NFkB activity by electrophoretic mobility shift assays (EMSAs): fibrosarcoma HT1080, glioma T98G, lung cancer A549, colon cancer HT29, HCT116, RKO, and SW480, ovarian cancer SKOV-3, breast cancer MCF-7, cervical cancer Hela, prostate cancer PC3 and DU145, melanoma Mel-8 and Mel-29, and lymphoma IM9 and Di cells. Normal fibroblast WI38, epithelial hTERT-HME1, and melanocyte CMN cells were used as controls. Most of the tumor cell lines showed a relative increase in NFkB activity compared to the normal controls (Figure 1 ). The cell lines HT1080, T98G, RKO, Hela, DU145, Mel-29, and IM9, which showed substantial increases, were studied further.
Conditioned media from all eight mutant cells (Sathe et al., manuscript submitted) activates NFkB, up to 17-fold compared to control parental 293C6 cells (Figure 2a ). Similar effects were seen when the same mutant cells were cocultivated with 293IL1R indicator cells (data not shown). To test whether the secretion of activators is also observed in tumor cells with constitutively active NFkB, the same indicator cells were treated with conditioned media from seven of the tumor cell lines, selected for their high constitutive NFkB activity. The conditioned media from all the tumor cells activated the NFkB-dependent promoter, whereas the media from three control normal cells did not (Figure 2b ). The media from HT1080 and Mel-29 cells gave the strongest effects. Therefore, with no exception, all of the constitutive mutants and tumor cells investigated secrete extracellular factors that activate NFkB.
Expression of cytokines and growth factors in cells with constitutively active NFkB
We used an array containing immobilized cDNAs for 96 different cytokines and growth factors (for list, see http://www.superarray.com). Total RNA from control 293C6 cells and the eight mutant clones was reversetranscribed to cDNAs, which were used to probe the array. In the constitutive mutants, most cytokine genes were expressed at levels similar to the levels in parental 293C6 cells. However, a few genes were markedly overexpressed (Table 1) . Among these, IL1b, TNFa, receptor activator of NFkB ligand (RANKL), OX40 ligand (OX40L), bone morphogenetic protein 2 (BMP-2), and fibroblast growth factor 5 (FGF5) were also highly induced by IL1b treatment of 293C6 cells, indicating that they are likely to be targets of NFkB. The others were either unaffected or only slightly induced by IL1b, suggesting that thay may not be direct targets.
Northern analysis confirmed the overexpression of mRNAs for these cytokines in the mutant lines ( Figure 3a) and revealed a generally similar pattern of overexpression in the tumor cells (Figure 3b) . Interestingly, many of the induced genes are angiogenic factors, which are highly correlated with transformation, tumor invasion, and metastasis (Coussens and Werb, 2001; Alitalo and Carmeliet, 2002; Kascinski, 2002 Held-Feindt, 2002) . The expression of OX40L, CD27 ligand (CD27L), and RANKL, normally expressed primarily in B and T cells, was found to be dramatically increased in most of the mutant cells and in some of the tumor cell lines. Transforming growth factor b2 (TGFb2) was overexpressed in several tumor lines, including HT1080, T98G, DU145, and Mel-29, and FGF5 was overexpressed only in DU145 cells (Figure 3b ).
Activation of NFkB by TGFb2 and FGF5
Two factors secreted by several of the mutant cell lines and tumor cells whose roles as activators of NFkB have not been obvious to date were selected for more careful study. Enzyme-linked immunosorbent assays (ELISA) revealed that TGFb2 was secreted by mutant C6P1Z12, at about 8000 pg/10 6 cells in 24 h, and at a lower level by several of the tumor cell lines (Table 2) . Titration with a neutralizing antibody directed against TGFb2 confirmed the specificity of the ELISA result (Table 2) . The array data showed that the mRNA for FGF5 was highly expressed in mutant C6P1Z12 and tumor DU145 cells (Table 1 and Figure 3a) . We treated indicator cells with different concentrations of TGFb2, FGF5 or both. Each induces NFkB activity singly, in a dose dependent manner, with FGF5 being less potent than TGFb2 (Figure 4a ). In addition, the effect of the two proteins was clearly synergistic when they were applied together ( Figure 4a ). An EMSA assay to assess the effects of TGFb2 and FGF5 on NFkB activation over time in parental 293C6 cells (Figure 4b ) confirmed the activation by TGFb2 and FGF5 alone, and again revealed synergistic activation of NFkB. Northern analysis shows that TGFb2 and FGF5 also induce expression of the endogenous NFkB target gene IL8, singly and synergistically, in 293C6 cells (Figure 4c ).
Discussion
To investigate the mechanism behind the frequent constitutive activation of NFkB in tumors, we screened 16 different tumor cell lines and found that most had constitutive NFkB activity. Seven were chosen for further study. We also studied a group of eight mutant cell lines with constitutive NFkB (Sathe et al., manuscript submitted). NFkB can be activated via multiple pathways (Pahl, 1999) and, recently, it has been shown that constitutive NFkB activation can result from the autocrine action of secreted cytokines (Wolf et al., 2001; Arlt et al., 2002; Coward et al., 2002) . However, the generality of this phenomenon is not known. To test this point, we assayed conditioned media from all of the cells noted above and found that NFkB was activated in every case. We identified a group of mRNAs encoding several important cytokines that are active in metastasis (Karkkainen et al., 2002) , angiogenesis (Karkkainen and Cells in 60-mm dishes were treated with TGFb2 (0.1 mg/ml), FGF5 (2 mg/ml) or both. Samples were collected and analysed by EMSA.
To show specificity, IL1 was used as a control. The binding of the labeled probe was competed by a 100-fold excess of unlabeled probe. (c) Induction of IL8 expression by TGFb2 and FGF5 in 293C6 cells. Cells plated in 100-mm dishes were treated with TGFb2 (0.1 mg/ml), FGF5 (2 mg/ml) or both for 4 or 10 h. RNA (15 mg) was loaded in each lane Giri and Aggarwal, 1998) . In our analysis, IL1b and TNFa were overexpressed in many constitutive mutants and in some of the cancer cells, but not in all of them, indicating they are just a part of the picture. Some of the overexpressed cytokines belong to the TNF superfamily. For example, OX40L, also known as gp34, is expressed by activated B, T, dendritic and endothelial cells (Koubek et al., 1999) . We show that OX40L is overexpressed in several tumor cell lines of different tissue origins, including human glioma T98G and prostate cancer DU145 cells.
RANKL is expressed primarily in T cells, in T-cellrich organs, such as thymus and lymph nodes, and in stromal cells (Xing et al., 2002) . RANKL is highly expressed and involved in the tumorigenesis and metastasis of multiple myelomas (Sezer et al., 2002) , giant cell tumors of the bone (Roux et al., 2002) , prostate cancers (Brown et al., 2001) , and neuroblastomas (Michigami et al., 2001) . We show that RANKL is overexpressed in most constitutive mutants, and in colon cancer RKO, cervix cancer Hela, and prostate cancer DU145 cells. In addition, we show that RANKL can be induced by IL1b treatment (Figure 3a) , indicating that it is a target of NFkB, a result that has not been reported previously.
Another TNF superfamily member, CD27L, mainly mediates the interaction between B-and T lymphocytes (Hishima et al., 2000) . Recently, CD27L was reported to be overexpressed in human meningioma and glioma cells and in thymic carcinoma (Hishima et al., 2000) . Thus, CD27L is suggested to be a new marker in brain tumors of nonhematopoietic origin . In our study, CD27L was strongly induced in most of the mutants, and in human tumors of different origin, such as fibrosarcoma HT1080, cervix cancer Hela, prostate cancer DU145, and melanoma Mel-29 cells. Both RANKL (Galibert et al., 1998; Mizukami et al., 2002) and CD27L (Yamamoto et al., 1998) were reported previously to activate NFkB in different cells. However, no previous report suggests the involvement of OX40L in NFkB activation.
Some of the other cytokines overexpressed in the cells we have studied are angiogenic and involved in tumor progression and invasion. For example, pleiotrophin (PTN) is a proto-oncoprotein that is strongly expressed in different human tumor cell lines. Expression of PTN in tumors accelerates their growth and stimulates angiogenesis (Zhang et al., 1999) . In our study, PTN was one of the most strongly expressed cytokines in the mutants, and was also overexpressed in glioma T98G, cervix cancer Hela, and melanoma Mel-29 cells.
Much evidence suggests that colony-stimulating factor 1 (CSF-1) plays an autocrine or paracrine role in cancer (Kacinski, 1995; Sapi and Kacinski, 1999; Hermouet et al., 2000) . Circulating CSF-1 was suggested to be a marker of tumor progression (McDermott et al., 2002) . CSF-1 was reported to induce its own expression through the activation of NFkB (Brach et al., 1991) . Thus, it is possible that CSF-1 functions to activate NFkB and further induce its own expression, forming autocrine and paracrine loops to promote constitutive NFkB activity in tumor cells. CSF-1 was highly overexpressed in most of the mutants and in several tumor cell lines, including fibrosarcoma HT1080, glioma T98G, prostate cancer DU145, and melanoma Mel-29 cells.
Vascular endothelial growth factor C (VEGF-C), a member of the vascular endothelial growth factor superfamily, is a mitogen for both vascular and lymphatic endothelial cells (Clauss, 2000) . Evidence suggests a strong correlation between VEGF-C expression and lymph node metastasis formation (Yonemura et al., 1999) . Most recent reports suggest that VEGF-C plays an extremely important role in invasion in breast (Mattila et al., 2002) , cervical (Ueda et al., 2002) , colon (Furudoi et al., 2002) , and gastric cancer (Takahashi et al., 2002) . In our study, VEGF-C was highly overexpressed in most of the mutants, and in fibrosarcoma HT1080, glioma T98G, and prostate cancer DU145 cells. So far, very few studies have suggested that TGFbs can activate NFkB (Li et al., 1998) , and the relationship between different forms of TGFbs, NFkB activation, and tumorigenesis is largely unknown. Interestingly, we found that both TGFb2 and FGF5 activate NFkB, singly and synergistically. TGFb2 is a member of a large superfamily of factors that regulate many cellular processes, including cell proliferation, differentiation, and death. It is not surprising that the TGFbs are important in the genesis of cancers of various origins, including gastric (Iacopetta et al., 1999) , colorectal (Miyaki et al., 1999) , hepatocellular (Furuta et al., 1999) , cervical (Chen et al., 1999) , lymphoma (Schiemann et al., 1999) , and breast cancers (Chen et al., 1998) . Recently, we have found that TGFb2 can prevent TNFa-triggered apoptosis through the activation of NFkB (Lu et al., manuscript submitted) . In the present study, we found TGFb2 to be overexpressed in mutant C6P1Z12 cells, as well as in HT1080, T98G, DU145, and Mel-29 tumor cells.
FGF5, reported to be overexpressed in human pancreatic cancer tissues and COLO-357 pancreatic cancer cells (Kornmann et al., 1997) , functions in autocrine and paracrine loops. In our study, FGF5 was overexpressed in several constitutive mutants, especially in C6P1Z12 cells. TGFb2 and FGF5 were also overexpressed together in prostate cancer DU145 cells, confirming that the coexpression found in a mutant cell line also exists in a tumor cell line. It has been suggested that another FGF family member, FGF1, can activate and increase NFkB nuclear translocation in Jurkat T cells (Byrd et al., 1999) , but the correlation between FGF5 and NFkB activation has not been reported. We also find that FGF5 and TGFb2 can activate NFkB synergistically.
In summary, our data strongly suggest that a group of cytokines is overexpressed at the mRNA level in mutant and tumor cells with constitutive NFkB activity. Except for TGFb2, we have not investigated their expression at the protein level. However, the observation that many cytokines are overexpressed in different patterns in the mutant and tumor cell is closely linked to NFkB activation. Our data for IL1b-treated 293C6 cells (Table 1) indicates that some of the mRNAs expressed at high levels can be induced by NFkB, for example, IL1b, TNFa, FGF5, and RANKL. It is difficult at this point to sort out cause and effect, that is which cytokine causes NFkB activation and which is overexpressed as a consequence of this activation. However, as is well known for IL1b and TNFa, many cytokines can activate NFkB and further induce their own expression. Furthermore, in addition to the synergistic effect of TGFb2 plus FGF5, it is possible that other cytokines can collaborate to produce stronger activation of NFkB. In summary, for the first time, our data reveal that complex patterns of cytokine secretion are general in cancer cells with constitutive NFkB and that certain combinations of secreted factors may function in synergy. The basic cause of cytokine overexpression and secretion is an interesting and important topic for future investigation. Since the eight mutant cell lines were obtained under conditions that were found previously to cause ablation of single proteins in signaling pathways, and since most of these mutants are recessive (Sathe et al., manuscript submitted), we hypothesize that the loss of expression of a single negative regulator may trigger the aberrant coordinate expression of a group of different cytokines that activate NFkB and that further regulate their own expression through complex autocrine or paracrine loops. To understand the causes of the secretion of multiple cytokines will be of fundamental importance in understanding an important aspect of cancer.
Materials and methods
Cell culture
293C6 (293ILIR cells transfected with E-selectin-driven zeocin-resistance and thymidine kinase genes) and derived mutant cell lines (C6P1Z1, C6P2Z1, C6P2Z2, C8P1Z3, C8P4Z5, C6P1Z12, C18P3Z13, C8P1Z23) (Sathe et al., manuscript submitted) , human normal fibroblast WI38, human fibrosarcoma HT1080, human glioma T98G, human lung carcinoma A549, human colon cancer HT29, HCT116, RKO, and SW480, human ovarian cancer SKOV-3, human breast cancer MCF-7, human cervix cancer Hela, human prostate cancer PC3, and DU145 cells (American Type Culture Collection, Manassas, VA, USA), normal human melanocyte CMN cells, and melanoma Mel-8 and Mel-29 cells (kind gifts from the Department of Surgical Oncology of the University of Illinois at Chicago) were cultured in Dulbecco's modified Eagle's media supplemented with 100 U/ml penicillin, 100 mg/ ml streptomycin, and 10% fetal calf serum. The media for 293C6 and derived mutants were also supplemented with G418 (400 mg/ml). 293IL1R indicator cells were cultured in the same media as 293C6 cells, plus puromycin (1 mg/ml). Human lymphoma IM9 and Di cells (American Type Culture Collection) were cultivated in RPMI-1640 media with 100 U/ ml penicillin and 100 mg/ml streptomycin, and 10% fetal calf serum. Normal human epithelial htert-HME cells (Clonetics Corporation, San Diego, CA, USA) were cultivated in special mammary epithelium basal media (Clonetics Corporation).
To collect conditioned media, cells were cultivated to B90% confluency under the conditions described above, the media was replaced, and the cells were grown for another 24 h. The conditioned media were collected, floating cells were pelleted at 3000 g at 41C, for 10 min, and the supernatant solution was aliquotted into sterile tubes and stored at À801C.
Construction of stable 293IL1 indicator cells
The kB-luciferase plasmid p5XIP10 kB (contains five tandem copies of the NFkB site from the IP10 gene, Sizemore et al., 2002) and the pBabe puromycin-resistance plasmid were stably cotransfected into 293IL1R cells (which carry transfected IL1 receptors) by using the FUGENE 6 reagent, following the protocol provided by Roche Diagnostics Corporation (Indianapolis, IN, USA). Puromycin-resistant clones were selected in 1 mg/ml puromycin.
NFkB luciferase reporter assay
293IL1R indicator cells were grown in 24-well plates to B90% confluency, then treated with either conditioned media, TGFb2, or FGF5 at 371C for 24 h. The cells were then washed with cold phosphate-buffered saline, and lysed in 80 ml of 5 Â lysis buffer (Promega Corporation, Madison, WI, USA). After incubation on ice for 15-20 min, cell debris was pelleted at 15 000 g, for 4 min at 41C. A measure of 80 ml of luciferase assay substrate (Promega Corporation) was added to 20 ml of supernatant solution before assay in a luminometer. The relative luminescence was normalized to total protein (BioRad Laboratories, Hercules, CA, USA).
Cytokine gene expression profile by microarray analysis
293C6 cells and constitutive NFkB mutants were cultured to B90% confluency and total RNA was extracted by using the TRIzol reagent, following the protocol provided by Invitrogen Life Technologies (Carlsbad, CA, USA). By reverse transcription, cDNA probes were made from total RNA and labeled with [a-32 P]dCTP (NEN, Boston, MA, USA), following the protocol from Promega Corporation (Madison, WI, USA). The labeled cDNA probes were hybridized to a membrane containing 96 specific cDNA fragments of human cytokine genes (Human Common Cytokine GEArray Q Series) under conditions described by SuperArray Inc. (Bethesda, MD, USA). Membranes were exposed to phosphorimaging screens for 2 days. Signal intensities for individual genes were quantified by using ImageQuant software (Molecular Dynamics). The mean signals were calculated from quadruplicate spots. Data were analysed with the software provided by the supplier.
Northern analyses
Human I.M.A.G.E. Consortium cDNA clones of the following cytokine genes were from ResGen invitrogen Corporation (Huntsville, AL, USA): TGFb2, FGF5, VEGF-C, BMP-2, PTN, CSF-1, OX40L (tumor necrosis factor (ligand) superfamily member 4 (TNFSF4), CD27L (TNFSF7), RANKL (TNFSF11), TNFa, and IL1b. Plasmids were amplified and purified by using the QIAGEN purification kit following the protocol provided by QIAGEN Incorporation (Valencia, CA, USA). The sequence of each I.M.A.G.E. clone was confirmed after purification. Inserts of 250-500 base pairs were cut out by using different restriction sites. The cDNAs were labeled with [a-32 P]dCTP, using the Megaprime DNA labeling system, following the protocol provided by Amersham Biosciences (Buckinghamshire, England, UK).
Cells cultured to B90% confluency were washed with cold phosphate-buffered saline. Total RNA was extracted with the TRIzol reagent at room temperature following the protocol provided by Invitrogen Life Technologies (Carlsbad, CA, USA). A measure of 15 mg of total RNA was loaded onto each lane, electrophoresed in an agarose-formaldehyde gel and transferred onto a Hybond-N þ membrane (Amersham Pharmacia Biotech, Piscataway, NJ, USA). After UV crosslinking, the transfers were hybridized with [a-
32 P]dCTP-labeled probes and analysed by autoradiography at À801C. For Northern analysis of IL8 expression, 293C6 cells were treated with either TGFb2 (0.1 mg/ml) or FGF5 (2 mg/ml) for the indicated times. Total RNAs were extracted and Northern analysis was carried out as described above.
EMSA
The oligomer used for an NFkB binding site was from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA): 5 0 -AGTT GAGGGGACTTTCCCAGGC-3 0 , labeled with [g-32 P]ATP by the polynucleotide kinase method, following the protocol provided by Promega Corporation (Madison, WI, USA). 293C6 cells were treated with either TGFb2 (0.1 mg/ml), FGF5 (2 mg/ml) or both for 1 or 4 h. The cells were washed and collected in phosphate-buffered saline and pelleted at 3000 g at 41C for 4 min. The cells were lysed in a hypotonic buffer (20 mM HEPES, pH 7.9, 20 mM NaF, 10 mM Na 3 VO 4 , 2 mM Na 4 P 2 O 7 , 10 mM EDTA, 10 mM EGTA, 20 mM DTT, 100 mM NaCl, 10% (v/v) glycerol, 1 mg leupeptin, 1 mg/ml pepstatin, 1 mg/ml aprotonin, and 0.5 mM phenylmethanesulfonyl fluoride. The mixture was vortexed and kept on ice for 15-20 min. Samples were centrifuged at 15 000 g at 41C for 4 min. Equal amounts of supernatant solution (normalized for total protein) were incubated with 5 mg/ml of poly(dI-dC) in binding buffer (20 mM HEPES, pH 7.9, 60 mM KCl, 4 mM MgCl 2 , 0.2 mM EDTA, 1 mM DTT, 10% (v/v) glycerol, and 2% (v/v) polyvinyl alcohol) for 10 min, and then incubated with 1 ml of g-32 P-labeled kB probe for another 20 min at room temperature. Samples were loaded onto 6% polyacrylamide gels (acrylamide : N,N 0 -methylene bisacrylamide, 30 : 1) in 0.25 Â Tris borate buffer, pH 8.0. After electrophoresis, the gels were dried and analysed by autoradiography at À801C.
ELISA for TGFb2 quantitation
Conditioned media were collected as described above. ELISA (Quantikine-Human TGFb2 Immunoassay) was carried out following the protocol from R&D Systems (Minneapolis, MN, USA). The amount of TGFb2 was normalized to the cell number, determined in parallel. Neutralizing anti-TGFb2 antibody (R&D Systems, Minneapolis, MN, USA) was used to test the specificity of the ELISA assay.
